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(54) A system and method for faentottngeafepoln4«ynchron«al^ in a m uftith reacted computer 
aystefn 



(57) The present invention Is a eyelem and raenhod 
for facflfeCttrio; a global safepoirt operation In a multi- 
threaded computer system. According to an ©mfeoo> 
memo* the present invention, each thread keeps track 
of tesafepolnt regions by maintaining a variable (© tlao) 
which inclcates a state, cuch a* whether the current re- 
gion of the thread is safe, unsafe, or transitional. In this 
manner, ft can be determined whether a thread Is cur- 



rently h a eafepoint region without suspending the 
thread. When a thread is currerriV fh a eafepoint region, 
the thread can continue to operate while a global Bate- 
point operation, such as ^rbago-coltectien Is batoa, per- 
formed. When the vwead feefllns to transition out or the 
safe region, it moves Into a uai^onaJi»9lon.7n©t»an- 
sittenai region automatically blocks ma tranaiiion into 
the ncTHeaff a region to assure thai the eafepoint opera- 
tion occurs ha cafe region. 



CM 



CM 



>$2 



Time 



LU 



FHB.3 



^■*F , lrt i 



AAPR. 25. 2006 9:39AM 1 6 5 0 96 1 8 30 1 0 NO. 197 P. 20 



1 £P 1 014 264 A2 2 



D ee cf^|gUw 

Q90OT] Thepres« bwentionrelal^TO^e^Tfiafion s 
of d global satepolnr operation in a mutttttreaded eorrb 
puter system environment In particular, the present n> 
verrtlon relates tofadBtaiing a global saJepoHopeiatidn 
Whao evoidfng suspending an threads during safepolnt 
synch ronu^iiwi^. 

BACKGROUND OFTHg INVENTION 

pooq In computer science, me term ■multitasking' 
refer? to an operating system^ ability to support muffl- 
processes sirnuttarwouslyL A process is typically a pro- 
gram in execution. Support tor muttfpte processes Js 
necessary in applications where several computations 
proceed in parallel in timesharing systems, mutripis 
users share b single computer system and an processes 
creased by them should, at loast in principle* execioe 
simultaneous^ Reel time systems that control multiple 
device s also need to support multiple processes. For in- 
stance, an avfenioa computer on hoard an airplane runs 
processes tor monitoring the engines, updating the flight 
fristrumensk proesufng radar finale, and Keeping the 
airplane en course. Batch opCrSffog systems depend on 
muttfcaskfng lor overlapping computation With irrpuWout- 
put (t/O) operations. For instance, when a process per* 
forma VO, the operating system may run another proe* 
ese to avoid idling the central processor for long periods 
of time. 

[0003] Or^lypeofpreeesslsfcnowaspnmftteprc^ 
ess or threads. A single process may ateo include mul- 
tiple threads. Typically, thesimplest fc&yto execute muT- 
tipie threads simultaneously is to assign each thread to 
its own processor In a mutffptecessor system, tf the 
number of threads exceeds the number of processors, 
then processors must typically be multiplexed among 
threads. By switching a processor rapfcUy from one 
thread to the next, It appears to the observer as IT all 
-threads are making progress, even if the processor can 
execute only one instruction at a time. While processor 
multiplexing typically irnpfcrnems only quasi-paialieV 
ism peripheral devices can provWe true parallelism 
even if the computer system contains only a single, cen- 
tral processor. Peripheral devices can be regarded as 
specialized processorthal operate concvrrenUy with the 
central processor. A device runs a single process spe- 
cialized, for example, for prirvtlng a fine or writing a disk 
block. The device receives commands from 3 device 
driver process that ttsetf runs on the central processor. 
After a device driver has Issued a command toadavtee, 
the driver waits tor a completion signal. During this waft, 
the main processor typically ewfiches its anention from 
the device driver to ether threads. 
[0004 While maihtairitog multiple threads. The com- 
puter system may need to perform global operations 



which reqairosynchroniz^ioncT^oniroi of altor a group 
ot threads ana given time. An example of such a global 
operation is garbage collection, 
jpoos] Many programmes languages and systems 
pro>ft&fbroynamio as well as static allocation of mem- 
ory storage to abstract data objects. The performance 
of these systems relies on their ability to reclaim and 
reuse storaga for dynamically allocated objects after 
they are no longer needed by the executed program. 
Some language systems require programmers to return 
unneetfed objects (garbage) 10 the rriemory system ex- 
plicitly. Although tnfe permits precise and efficient recy- 
cling of storage when performed carefully, ft often results 
in objects bemg recycled prematurely or being forgotten 
and thus tost to the system. Other systems reclaim 
abandoned objects automatically through a process 
called ' garbage collection*. Reclaiming storage auto- 
matically In this way is both a convenience to the pro- 
grammer and a means tor Insuring every objecre stor- 
age is recycled correctly. 

rpoofi] Garbage collection typically occurs in two 
phases: identifying unneededobjeas> and then making 
their storage available for reenoceiion* An object in a 
program isnseded, or live et a given time if the program 
might access the object in the future; otherwise it is 
deed, in practice, garbage coftetfnrs typically consider 
en object to be dead only if the program has abandoned 
all pointers to it, making future access impossible, 
poo?] For a global operation, such as garbage 00*- 
leefien, all the locations of objects and all locations of 
reference pointers typically need to be known to perform 
such a global operation. In a multithreaded environ* 
mem* a 'step* Instruction is typicafly sent to all threads 
prior to performing a global operation, such as garbage 
collection. Then It needs to betfetermined whether each 
thread is b a "safe 1 region or an 'unsafe* region. A safe 
region is a region of code through Which a thread £s 
processlngi wherein pointers are not being manipulat- 
ed. An unsafe region Is a region of the code through 
which tne thread is processing wherein pointers may be 
manipulated. Conventionally, all threads are typically 
suspended c thread suspends' ) in order to evaluate 
each thread and determine if each thread te Inaeatfeor 
unsafe region- if a thread is in an unsafe region, then 
the Thread operation to resumed and b stopped later to 
enempt to suspend 11 at a safe region, 
poos] Although thread suspends can bo effective in 
some systems, typically; the more concurrent threads 
that are in use ai any given time, The slower the suspend 
process progresses. Accordingly* suspend processes 
can be very expensive to perform on many of today's 
aovanced processors* Additionally, many threads are in 
a sftuaBon such that they do not to be suspended.. For 
example, when a thread is fa a safe region, then that 
particular thread causes no problems for the perform- 
ance of a global safepoirvt opeeanon. However, conven- 
tionally, air the threads are suspended In order 10 evsJ- 
uate and determine whether each ihresd ia in a safe or 
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untafe region. 

TODOdl It would be desirable to facilitate a global safe- 
point operation, without the need to suspend an threads. 
•The present invention addresses such a need. 

SUMM AflY OF THE INVENTION 

{001 0) The present invention is a system and method 
for tacitauig a Sloba 1 eafepoinl operation In a rpuhi- 
threaded computer system. According to an embodi- 
ment of the present invention, each thread keeps Track 
Of te safepom: region* by mairttatning a variable which 
indicates a sttsle sucf> as whetner the current region erf 
the thread 15 sale unease or irenslriensir In this manner, 
It can be determined whetnera thread is currently ha 
saf eeetnl region without suspending (he thread. Whan 
a thread is currency m a satepom: region, the thread can 
continue to operate wn.ie a global safepoim operation ► 
such as gartaadc-eciliection is oc*ig pertormedi When 
the thread begin* to ir<msmon out of me safe region, il 
moved jnto a tiani><tn*»rif regwii Tho transitional region 
automaiicsny bJoeks me ifanz&Qn into the non^afe re- 
gion to assure that tn* safepomi operation ooeura in a 
safe region. 

[0011] According to an e*noodimeni of the present in- 
vention, one thread may begin a affcpoim procedure 
after ft acquires a safepomt lock The safepofrrt lock 
block© other threads iwi atlomptng to perform the 
^fepoint procedure at the some tone Prior to initiating 
a safepoJm operation, the thread attempting to initiate 
the eatepotn operation will wait until en other thread* 
reach a safe region m each c4 the* own code. 
[001 A method according to an embocfrnent of the 
p resent Invention tor feeihtaiing e selepoirn operation in 
a muJtMhrearied computer system is presented. A first 
thread acquires a safepoinr. and a determination Is 
made as to whether at least one of the remaining 
threads Is in a safe region, requiring the suspension of 
all of methresdSL a sat apoirrt operation is then initiated 
[0013] In another aspect of ihe invention, a method 
according to an embodiment of the present fcriventton for 
feaTrtating a ealepoht operation to & computer system 
including at teas* one thread k also presented. The 
method comprising oeiermsitng whether a thread is in 
a safe region, the determination being made without 
suspending me m react continuing Thread operation If 
the thread is in the sate region: and initiating a saf epofrrt 
operation while the ihread is continuing to operate. 
[0014) f n yet another aspect of the invention, a meth- 
od according to an embodinent or the present stvention 
forfeeffirerfrtg a ©sfepetrn ojjut'afe" In a computer ey*- 
tem including at least one thread is also presented. The 
method comprising providing a «3io a ss o ci a t ed with a 
thread; determinho, if me stare rndtcaws a transition; 
and blocking an ckperaficri ctf thethread if The state indi- 
cates a prcoeterrncned type of transition and if a eafe- 
point operation hae been mitwred, 
fOOIC] Inyet^ochcra^pectofthQtm^ton.a^s^ 



aceordhg to anernbodirnentof ihe present invention for 
taciltetzng a safepomt operation In a computer system 
indudlngalle^oneth^ 

tern comprising a variable indicating whether a thread 
& in operation fe In a safe region: and a processor config- 
ured to read the flag, the processor also being config- 
uredxodetenTtirietfthethreadTa'Tnaaafe region without 
suspending the thread; the processor also being config- 
ured to frKiate a eaJepoifflopeiatlDn tf the thread sin a 
to safe region. 

Rnrpp pPSCRIPTrOri OF TVrE DRAWINGS 

fpoi^| Figure 1 is a block diagram of a computer cys- 
15 Ttfn suitable for implementing the present invention. 
[0017] Figure 2 is an Illustration of a thread transition- 
mg through saf e and unsafe ragraneoT a computer code. 
rpOIS] Figure 3 is an UlustraTJon of threads progress- 
ihgthrougft a global satepolnt operation aocordrig io an 
jso ernbooTmeru of the present invention. 

rpoig] Figure 4 is a flow diagram of a transition wHhIn 
alhreed acco rd i ng to an embodiment of the present in- 
vention. 

TD020] Figure 5 is a flow diagram of a method for 
is blocking a thread eccording to an embodiment of the 
present Invention. 

[0021] Figure 6 is a flow diagram of a method far vn- 
ptementing a notify block according to an embodiment 
of the present Invention. 
so (0032] Figure 7A- 7B ere flew diagrams of a method 
for safepoint siynctwonteaikm according to an cmboaV 
rnent of the present invention. 

DETAILED OeSeRiPTlf^M OF THE PRSFgRBEP, 
35 EMBODIMENTS 

[0023] Th^ following description 13 precented to ana- 
bie one o7 ©refinary skill in the art to make and to use the 
invention and Ts provided in the context of apatent ap- 

40 pfearJort and its requirements, various modffleadons io 
the preferred embccSmems will be readHy apparent to 
Ihose skiHed in the art end the generic prir^to herein 
may be applied to other embedment* Thus, the 
present invention te not Intended to be Dmtted totheern- 

4s bocUm©mehc^t>utBtob^aooordedtha widest scope 
conelsterrt with the pnnciplea and features described 
herein. 

[po&q Figure 1 is a block diagram of a general pur- 
pose computer system 1 00 suitable Tor carry ing out the 
» processing in accordance with one embodiment of the 
present invention. Figure 1 fUuetraxes ene embodiment 
of a general purpose computer system. Othereomputer 
sy£iOTareh&aetur**ar^ 

carrying out the processing of the pfeeent invention. 
Computer system 100, made up of various subsystems 
described below, Includes at least one microprocessor 
subsystem {also Deferred to ass a central processing unit, 
or CPU) 10a Thetis. CPU 102oan be implemented by 
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a single-chip processor or fay muttfpiR processors. CPU 
102 is a general purpose digliaf processor which con- 
trols the operation of the computer system 100. Using 
instructions retrieved from memory HO, The CPU 102 
^cnfrote xhe reception and manipulation of input data, 
and The output and display of data cn output devices. 
J0025] CPU 102 is coupled bk£rectionafV with mem- 
ory 110 which can Include a tost primary storage, typi- 
caBy a random access memory (RAM), and a second 
primary storage area, typteatly a read-only memory 
(ROM). As is wen known in the art, primary storage can 
be used as a general storage areaandassciaijcfrpad 
memory, and can also be used to store input data and 
processed dam. ft can also store programming instruc- 
tions and in the form of data objects and text ob- 
jects, fn addition to crmer data and iftstiuctions tor proc- 
essed operating on CPU 102. Ateoaawell known in the 
art. primary storage typically includes basic operating 
instructions, program coda, data and objects used by 
the CPU 102 io perform hs functions. Primary storage 
devices 110 may fnetude any suitable computer-reacta- 
ble storage media, cteserifcwd below, depending on 
whether, for example, data access needs to be bi^ireo* 
ttonal or un^hecrJoriaL CPU 1 02 can also directly and 
very rapktfy retrieve and store frequemry needed data 
m a cache memory (not shown). 
Tjao2Bl a removable mass storage device 112 pro- 
vide* acWrtionsJo^st^ c»patfyfc< the computer 
eystOTl GO. and teoc^led either bWtie^^ 
cSraetfensllyie CPU 102. Per example, aapecrfteiemov- 
able mass storage device co m mo nl y lgiewn as a CD- 
ROM typically passes date unhflrrecuonany v me CPU 
1 02; wherees aflopoy disk can passdata b^rectionafly 
to^he CPU 1 02. Storage n 2 may also include compu- 
ter-readabte media such as magnetic tape, flash mem- 
ory, signals embodied on a canter wave, PC-CARDS, 
portable mass storage devices holographic storage de- 
vices, and other enrage devices. A fixed mass enrage 
120 can also provide adolTjonaJ data scrags capacity, 
The most common example of mas© storage 120 is a 
herd disk drive. Mass storage 112. 120 genemfV store 
additional programming tostructions, data, and ihe like 
that typwary are not in active use by the CPU1Q2. It wilt 
be appreciated Thatthe informa ti on retained wKhinmass 
storage 112. 120 may be incorporated, 7f needed, in 
standard fashton as part of primary storage 110 (e.g. 
RAM) as virtual memory. 

\pQZ7\ in addUon to providing CPU 102 access to 
storage subsystems* bus 114 can be used to provide 
access ether subsystem and devices as well. In the de- 
scrfeed eii*eoirnerrt. these can include a display mon- 
itor lid, a network interface 11 a keyboard 104* and 
a pointing device 1 06, ae well as an auxiliary fciputfeuv 
put device Interface, a eeund card, speaker*, and other 
subsystems as needed. "The pointing devfce 106 may 
be a mouse, sylus, track ban, or tabJei, and is useful for 
interesting with a graphical uw rnterface. 
{0028] The network interface 116 allows CPU 102 to 



be .coupled to another computer, computer network, or 
telecomrnunieations network using a network connec- 
tion as shown. Through the network interface 116, ft is 
contemplated thai the CPU 102 mtojit receive informa- 
tion, e. 0,1 data objects or program instructions* from an- 
other network, or might ouiput nfbrmation to another 
network in Hie course of performing the above-de- 
saibed method steps, information, often repreeeniedas 
a sequence of instructions id be executed on a CPU, 
may be received from and outputtad to another network, 
tor example. In the form of a cumputer data signal em- 
bodied in a carrier wave« An interface eard or simitar de- 
vice and appropriate software implemented by CPU 102 
can be used to connect the computer system 10010 an 
externa] network and transfer dala accorcSng to stand- 
ard protocols. That is, method embodfrnents df the 
present invention may execute solely upon CPU 1 02, or 
may be c^ormed across a netvwork such as the Inter- 
net, intranet networks, or local area networks, In coo 
junction wflharemoteCPU that shares a ponton ol the 
processing, AcWfenal mass storage devices (not 
shc^)rr^aisQbe4»rtnectedtc>CPU 102 Through net- 
work Interface 11 S> 

{0029J An auxiliary I/O device interface (not shown) 
can be used in conjunction with computer system 100. 
The auxiliary I/O device Interface can include general 
and customised interfaces tat anew the CPU 102 10 
sand and, more typicany. receive oaiafi^cflher devic- 
es such ae microphones. touch-eensithfe displays, 
transducer card readers, tape readers, voice or hand- 
writing recognizers, biometrics readers, cameras, portr 
able mass storage devtees, and ether computers. 
100301 In addition, embedments of the present inven- 
tion further relate to computer sxeaage protects with a 
computer readable medium max contain program code 
for performing various computer-implemented opera- 
tions. "The eotnpuier-jeadable mecSum is any data stor- 
age device that can store data which can thereafter be 
read by a computer system. The media and program 
code may be those epecfelry designed and constructed 
for the purposes of the present invention, or they may 
be of the kind well toown to those ordinary skill in the 
computer software arts. Examples of computer-reada- 
ble media include, out are not limited to, all the media 
mentioned above; magjiebc media such bs hard diste. 
floppy disks, end magnetic tape; optica] media such as 
CD-ROM disks: magneto-optical mediasuch eaftapitaal 
disks; and specially configured hardware devices such 
as appficatiofMpeciric Wegi&ted circuits (ASICs), pro- 
grammable legfe devices <PLDs)> and ROM and Aam 
device*. The eornputerwreadoble medium can ate© ba 
distributed as a data signal embodied in a carrier wave 
over a network of coupled computer systems so that tho 
uuniputoi foortnMr rnrfrc is stored anda*ecured in a Cfe- 
trfouted fashion. Examples of program cede include 
both machine code, as produced, for example, by a 
oomprler, or fHes containing higher level code that may 
be executed usfog an interpreter. 
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t 00 ^! The cornputersystem shown in F(g. i J$ but an 
example of a computer system surtabiefor use wrth the 
uwartabn. Other computer systems sutebte for use wfth 
ihe Invention may fncftide addtocnaf or fewer subsys- 
tems, in addition, bus n4 ts FfTustrstrve of any inieroon- £ 
neeilon scheme serving to Unktha sUbsyatema. Other 
computer architectures hating different configurations 
o( subsystems may also be utifeed. 
IDW23 The present bwention tea^ystemendmefhod 
tor facimathg a global safapofnt operation m a multi- 
threaded computer system. According to an embodK 
mentor the present invention, each thread keeps track 
of its safepolnt regions by majntainlng a varfabfe which 
indicates a state, fiuchaswrtethorthectm^i^gionof 
the thraso 19 safe, unsafe. ortransftidnal. In this manner, i& 
ft can be determned whether a thread fs currently in e 
satepomi region without suspending the Thread. When 
a ihreatf is currently in a eattepoint region, the thread can 
continue 10 operate while e global safepolnt operation, 
such ass garoage-eoUeciton is being performed. When 
Che thread begin* to transition out of the safe region, it 
moves fntoa wansftfonaJ region. The xraneftsgnai region 
automatically blocks the transition info the nan-safe re- 
gion to assure thai the safepofrrt operation occurs in a 
ssfo region 1 £S 
{00331 AcrtrtfngtoanembodhiantofthepreWTtfrv 
vention. one thread may begin a ssfepofrtf procedure 
after h aequfros a saf opc&w lock. The safepeht lode 
blocks other threads from attempting to perform the 
saf epoim proeedure-ar the same time. Prior to Initiating 90 
a safepofftt operation* the thread attempting do frttdaxs 
the salepovit operation will wait until all other threads 
roach a safe region h each of their own code. 
[0034] Figure2ieanfliustiaiJonoTathr^ 
mg between safe and unsafe regions of a computer s$ 
oodfe Figure 2 shows thread 200 transfttafhg from a 
safe region 202A co an unsafe region 204 via a transition 
region 206A. The transition region 206A is a transition 
from a sale region to an unsafe region. The thread 200 
is also shown to transition from the unsafe region 204 
to a safe region 3Q2B via a transition region 206a 
wherein the transition region 2065 fe a transition f nam 
an unsafe regwn 10 a safe region. 
[0035] rf thread 200 Is in a safe region, such ae safe 
regions 202A ana 2026, a gtooaJ safepoint operation, ^ 
suoh as garbage collection, may proceed wh2* tnread 
200 continues to operate, When xh read 200 reaches the 
transition region ZOSA, transitioning from a safe region 
10 an unsafe region, thread 200 may be blocked from 
contrnuing fcito the unsafe region 204 to insure that so 
thread £00 stays fn a safe region during the global safe- 
point operation, 

[oo3ej Aeeerdrnatoan embodiment of the present m- 
verttJon, if thread 200 fs in unsafe region 204, then 
thread 200 (3 allowed to continue through unsafe region 
20^ and the global safepoint operation is not initialed. 
As previously mentioned, unsafe regions are regions of 
code Through N^ic^aThi^ritepBssingv^ttrefnpoirtefC 



may be manipulated, ©eamples of unsafe regions in- 
clude virtual machine code! Java™ 1 code, and code 
whleh te unidentified. The Java™ code may faidude 
compiler code and Interpretive code. 
0)037] When thread 200 enters The transition region 
206B, transftfoning from an unsafe area to a safe area, 
a *raftrng counter is decremented. Further detail? of the 
waiting counter wfi later be discussed ft -conjunction 
wfth the rsrneihing figures, such as Figute a 
poeq Figure 3 fe an Mustraifert of a set of threads 
prograsafrrg through a global safepoint operation ac- 
cording to an embodlmern of the present invention . Fig- 
ure 3 shows a set of thraads200A^20OE, each progress- 
ing through their own sal of computer codes. Points 
S04A and 3043 represent -state transitions tor each 
Thread eOOA^Ooe. For example, point S04A for thread 
200A may be airanefilon from a sale region to an unsafe 
region, wnije point 304A tor threat* 200B may be a tran- 
sition from an unsafe region 10 a cafe region. Likewise, 
pofrii 30<ie fortrtn^200Drnaybea«ransltonfroman 
unsafe region 10 a safe region, while peine 30*8 for 
thread 2C0£ may be a transition from a safe region to 
an unsafe region. 

p099] Assume that it » desii&ble to perform a global 
eafepofrt operation, such as garbage collection, tor 
thread 200C The gtobalsaf epoint operstfon is expected 
to be programmed such that it is code which is consid- 
ered to beasaZe region. According^ whenthreadSOOC 
MtGates begin safepolnt 300. h ts assumed that thread 
200C is roovkig through a safe region of code. Thus, 
thread 200C*e state flag should not need <t> be cheeked. 
[0O4OJ Thread 200C trten aoqutrec a safepofnt lock ex 
begin safepolnt 300. Since thread 200C Is the thread 
vmieh Initiates the safepoini operation, rt is often herein 
referred to as the InWating thread The aafepoint Jock 
ensures thai thread 200C is the only thread aflovued to 
perform the global safepolnt operation, thus avoiding si- 
multaneous attempts st performing global saf epoint op- 
erations by different threads. Addffionatty. since the re- 
main rig Threads &QQAS0OB, £00D^20O£ carmot ao 
qui« the saf epoirtt Jock, sn anempt to acquire the safe- 
point lock by the ramairdng threads 200An2QO& 
200E vnD block further progress by these threads. Ac- 
cordingly, when the remaining threads 200A*£Q0B, 
200D-200E move pmo a transition region from a safe re- 
gion, lhay may be blocked from progressing funher into 
an unsafe region by causing These threads to snemptto 
acquire ihe safaparrn lock. 

[0O41] After acquiring the safepoini lOOK thread 2O0C 
then wait* until every other thread 200A, £008, 200D. 
200£\ has reached a safe region within theircode, When 
a remaining thread 200A-2003, GOOI>200S transitions 
from an unsafe region Csuch as region 20a of Figure 2) 
to a safe region (such as region 2026 of Fi^rre 2), a 
waiting counter Is decremented 10 indicate that this 
thread is one lass thread for thread 200C to wait upon, 
tf any of the remaining threads 200 A. 2008. 200D, 2006 
are h sale regions, they -continue to progress urrtil^ecii 
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Of those threads runs Into a transition region from a safe 
region to an unsafe region. When 3 thread moves into 
suchairansitfon, rt Wocked to keep ftf rem progriessing 
out of the safe region and inlo an unsafe region. Whan 
ail The threads 20QA-200E are in safe regions, or ant 5 
blocked at transliions from a safe region to on unsafe 
region,, ihen the global saJepoint operation, such as gar. 
bagecollsctfon, may bo tnfasted, 
[QQ42J For example, assume thaz at point S04B, 
thread 200A tensftlone into a safe region. Then thread 10 
200 A may continue to operate after begin saf epeini 300 
until ft reaches airansfflen state %40. When foegfh safe- 
point 300 is initiated, thread 200A's state flag wfU be 
cheeked 10 determine the type ol region thread 200Ats 
moving through, fn thfe example, thread SOOA's state is 
flag will indicate thai 2c is in a safe region. At transition 
state S04C. thread 200A wm be blocked to ensure that 
ft does not move hto on unsafe region during the global 
eafepoint operation. 

[00433 Assume also thai thread SOOB trgnsftlons into -sc 
an ungate region at point 304S. When begin safepolm 
300 m irmiarod, Thread 200 B"s state flag is checked to 
determine what type ot region thread 200B is moving 
through, in this example, thread 2009 state flag w7! m- 
cTicate that & is h an unset* reg^ 
syependedand handled such that asatepoini operation 
fnay be eeftaimed, Further details ot unsafe region han- 
dling wRI lazer be* discussed n conjunction wih figures 
7B-7D- 

I0044J rf thread 200Dis in a iransft&an from a sate re- so 
glen to an unsafe region an The time Thread 2000*0 state 
flag checked after begri saf ©point $00 is initiated. 
Then the progress of Thread 200D is blocked to Keep 
thread 200Df ram movrg into an unsafe regton. If thread 
200E is in a trans Won from an vtsafe regfon to a safe ®? 
region at the time thread 200O f s state flag is checked 
(after begin ssfepofnt 300 is initiated), then Thread 200F 
isallowed to eominueTta progress. Hthn?ed200E reach- 
es another transfUon stats "mdfcaring a transition into an 
unsafe region, then it is blocked ar point SOa& 40 
£0045| When ail the inroads 200A-200E are in safe 
regions, men the Reprint operation may belnffitteci at 
point 350. Whan the glebaf satepomt epenttion k corn- 
pieiear polm 352, then a variable is sat such thattn reads 
200A-2006 are no longer blocked at transitions, the -w 
safepoSrn rock is released by the initialing thread 200C, 
and any threads which have been suspended are then 
unsuspanaed. When ihesa 13s Ks are complew. ihen the 
safepofni procedure Is ended ax point 302. 
[004JG3 Figure* «M describe event* which occur for so 
each thread at checkpoints S04A •> 304D of Figure 3. 
While Figures 7A-7S describe events whfch occur ax be- 
gin ondend safepolms soo end 30$ of Rgur* 3. 
[0047] Figure 4 is a flour dZagmm of a vanefdon be- 
tween program cods regions withfh a thread according ss 
to an embodiment ot the present invention, a thread lo- 
cal state variable is set to an in coming transitory state 
in step 400. The ihnoqd locat s&ie varfablo may be a 
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flag indfeaifng the state ot the region through which the 
thread is passing. For example, ff a thread was transi- 
tion ingfrom a safe region to an unsafe region, the tran- 
sition region may be indicated by a number which sets 
the thread local state vanabie to Indicate thai ft feairan- 
sibon from a safe region to an unsafe region. Examples 
of c^^^me^yi^hrT^t9^ ^ a^i^^^^rQ^\0' 
cal state variable Include safe region, unsafe region, 
transftfon from a safe region to an uisafe region, and a 
transition from an unsafe region to a safe region. 
[064a] It is then determined whether a varfabre,<&lted 
■Mock at transftfonT variable, is set 10 true h step 402. 
The "bteek at transition" vanahje indicates whether a 
thread should be blocked at a transition region. 
[004S] Note that a thread bbek ia ampfer and easier 
to perform Than a tnreao suspend. When a thread Is 
blocked, tr simply does not proceed on to the nextstaie 
or" region, whereas when threads ape suspended, the 
operating system typically must perform the suspend 
operation. Accordingly, \{ is stopfer and less expensive 
to bleeka thread than to suspend the thread . 
[0050] K •blot* at trans«icn B varfabl e ft set to true *t 
step 402. then a thread blocker te called in step 404- 
Details of the thread blocker wil be discussed later h 
QCnjuncbon With figure 5. Thereafter, the Thread local 
state variable is set to the next state which is entered 
by the th read in etep 40d. 

pasi] if "block transition " variable is not set to true 

in step 40^ then thread local state variable is set to the 

next state (region) entered by the thread in step 409. 

and the uarrsfrfon (5 completed n step 403. 

tOOSSTJ Figure 5 is a now diagram of a method for 

blocking a thread according 10 an embodiment of the 

present invention. The How diagram of Figure 5 occurs 

when the thread blocker is called in step 404of Figure*. 

(0OS3] A notify block is rrnplemented In step 500. De- 

tafls of the srptemerrtation gf the notify block win later | 

be discussed In eeruuhctfon with Figure 6. 

PQ5q The thread local state vsjffcble is then set to* ' 
"blocked" stale in step 502. A safepeint lock fc then ac- 
quired in step 504. If the saf epornt lock may not be im- 
mediate^ acquired {because the tnffiatngthiead hasal- 
reaoy acquired it), then it wa«s until the safepotni lock 
may ba acquired. WaMngta acquire tnesatepojnt lock 
keeps the thread in a 'blocked* state by holding tea po- 
sition urns the safepofrn lock Is acquired* The "blocked* 
state indicates to the Initiating thread tfrct this thread Is 
in a safe region. The safepoint nook may only be ac- [ 
quired after the thread holding the ssdepdnt lock releas- 
es ft Shoe the thread holding the seteoosil took wiTI not 
release the sarepoinT lock unfit the global safepoint op* 
&ction is completed, this thread is blocked throughout ; 
the global safepeim operation by waiting to acquire the j 
safOpoW lock. 

P0S5J The acqu7«tticn of a safepofrn leek allows the I 
"mitlaring thread, such as thread aoOC of F^guw S, to 1 
progress beyond tha begh safepont 300 and have the 
oesired safepotrin operation mfecuted upon ii, without 1 
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s. A method for taciJ&ating a saiepcku operation fn a 
multithreaded computer eysiem. the method com* 

prtsingj 

determining whether a selected thread is In a 
safe region, the determfaaTon befrig made 
without suspending the selected thread 
continuing thread operation if the selected 
Thread is m the safe region; and 
vitiating a eaf epoftit operation while the select- 
ed thread i» continuing to operate. 

6. The method of claim S» further detecting when The 
selected thread moves Into a transition region from 
the safe region* 

7« Theiriethod ol claim 6. wherein the selected thread 
is blocked when the selected Thread is In the tran- 
sition region. 

s> The method of any of claims 5-7, wherefn lhe se- 
lected thread blocked from rnovmg out of the safe 
region. 

9. ThomcihodofdairTie, vrfiereintheec^eotedlhread 
» blocked by requiring that tno selected thread ac- 
Quire asafopoint lock before moving out of the safe 
region. 

id The method of any Of claims 5-9, further comprising 
suspending the defected Thread rf the thread to fn an 
unsafe region. 

TL Tr>e method of claims 5-10. further comprising con- 
tinuing the selected thread operation If the selected 
thread is in a transition from an unsafe region toe 
safe region, and initiating the safepomt operation 
only when the selected thread is in a safe region. 

12. The method ctf arty c* claims Ml, ^ 

ing blocking the thread operation ff the selected 
thread is Hi atraneftfon from a safe regfontoan un- 
safe region. 

is. a method for facStenihg a estepcint operation in a 
mutiMhreaded computer system* the method com- 
prising! 

orovjding a Mate variable associated with a se- 
lected thread; 

determining 9 the £iat& variable indicate* that 
The selected thread isfh a transition; and 
blacking an operation of 1ho seleCTCd thread tr 
the state mdfetftee a predetermined type of 
transition and rf a safepoint operation has been 
[nWated. 

14, The rnethod of claim 1S, vvhefelnteKpr«dotormjne>d 
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type of Transition is a transition from a safe region 
to an unsafe region. 

15. The method of claim 13 or K further comprising 
decramonftrgawaitinQcoum Indicates 
a zransffien. wherein the transition is a transition 
from an unsafe region to a safe region. . 

16. The method of any of claims 13-15, Wherein trie 
state variable Is a flag. 

17. A system tor feciitating a safeooht operation «i a 
computer system including at least on© thread* the 
system comprising; 

means for acquiring a satepoint lock by a first 
thread, the first thread being one of a plurality 
of threads; 

means (or determining if at least one of The ply* 
tatty of Threads is in a safe region, wherefri the 
determination is made without suspending the 
at least one of the pluraffly of threads; and 
means tor initiating a aafa poi nt operation. 



££ la. A system for faeiJ tearing a eafepoint operation in a 
murMireaded computer, lhe system comprising: 

a data structure including m plurality of state 
variables, each state variable being arranged to 
whether an aaeocrated thread Is Tn a safe region of 

so operation. 

T9L The system of ciatn IS. further comprising a proc- 
essor configured xo read the pturalrry of state varbv 
bias, the processor also being configured to cjeter- 
& mir^ ffathread is in asaferee^wt&TO^ 

ing the thread; th e processor also beingoonfigursd 
to r rtiate a aafepclrrt operation if the thread is in a 
safe region. 

40 20. Aecrrtpirterprcgjam prcdurtforf^ 

poht operation in a computer system Including at 
least one thread, the computer program product 
comprising: 

«s compuieroode acquimg a safepoint ice Vt by a 

first thread, the first thread being one of a plu- 
rality of threads; 

computer code determining if at teasione of the 
plurality of threads blna safe region, wherein 
£9 the o^xermJhatton Is made without suspending 

the at least one of the plurality of thnesda; 
computer code hitiating a seffepoBrt operation; 
and 

a computer readable medium that stores the 
computer codes. 

2i, The computer program products daim 20, wherein 
(he com outer readable medfum Ic-saiocrad worn ine 
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group consisting of CD-ROM, floppy <Ssk, tape* 
flash memory; system memory, hani drive, anddara 
dgnal embodlod m a carrier wave. 
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